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Abstract 

Swimming hydrodinamics have significiantly applied BCF to techniques. In addition research on 
undulatory motion, undulatory BCF anguilliform, and undulatroy MPF could give interesting 
conclusions. These natural modes are seen as alternative to BCF techniques introducing some missing 
elements as buoyancy, gliding and floating to complement the scale of man’s hydrodynamics. Study 
draws conclusion from hydrodynamic properties of caphalodops as implied to human kinetics, 
discerning significant patterns, as floating, puddle, undulation or swim efficiency. In biomechanical 
aspect meduzoi and aguilliform shows positive results: low Reynolds number, low viscous forces, 
stability, great luminar flow, linear momentum and efficient velocity. 
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INTRODUCTION 


Regarding development of style and techniques, the major emphasis was put on speed sports techniques 
involving oscillation and BCF movement as the basis of its dynamics. Swimming was largely modified by 
pursue for these oscillatory seeking on improvements on vertical velocity. 

Significant progress has been made in efficiency and analysis of human hydrodynamics. However, general 
paradigm used pattern of fish-like swimming, especially those of thuniform manner trying to take 
conclusions on elements of human adaptable dynamics. Buoyancy is primarily understood in function of 
velocity, and not as an independent variable. Secondly, the need for swimming efficiency arose within 
coatching as convenience. Some would see necessity of taking into account all swimming variables and 
motions through out of a full scale of natural hydrodynamics. The history of swimming styles was very 
abundant one. The Frenchman Melchisedech Thevenot wrote The Art of Swimming, describing a 
breaststroke very similar to the modern breaststroke. While the British raced using breaststroke, the Native 
Americans swam a variant of the front crawl further developed into Tmdgen style. The inefficiency of the 
trudgen kick led Australian Richard Cavill to try new methods. He used the Australian crawl stroke in 1902 
at the International Championships and set a new world record. In 1934 David Armbruster, coach at the 
University of Iowa, devised a double overarm recovery out of the water. This "butterfly" arm action gave 
more speed but required greater training and conditioning. In 1837, London’s six artificial pools hosted 
competitions. They began to formulate new swimming styles including the sidestroke and later evolved 
freestyle swimming. The 1896 Athens Olympic Games included swimming, offering the 100 meter and 
1500 meter freestyle. The backstroke was eventually perfected by Australian swimmers, who bent their 
arms underwater to increase the horizontal, forward push. While the backstroke had always included a 
straight arm during the underwater push, from 1935 to 1945, this new technique became a swimming style 
that is now practiced all over the world. 



METHODS 


Swimming style - eel 

The modem swimming styles encompass artificial propulsion dynamics on-surface, concerning less with 
natural modes, and widespread underwater swimming techniques. Natural modes are however the only 
known mode of swimming having its due to density dynamics, efficient and more adjustable swimming 
solution. Indeed, underwater technique is inclusive example of hydrodynamics with different forms of 
locomotion within the water providing various velocity. 

Natural swimming motions are divided into: anguilliform, subcarangiform, carangiform, thuniform, 
ostraciiform, similar as in Lindsey (1978). Anguilliform in correlation with dynamics of eel, lamprey and sea 
snake adjusted to morphology and hydrodynamics of man. Much is done in research on anguilliform body 
dynamics Bottle (1971), anguilliform with fin locomotion Smith (49), and undulating modeling Long 
( 2002 ). 

Lighthill (1970) view eel style as aquatic propulsion of high hydromechanical efficiency. On Saragosso 
theory eel style is generally proved to be technique with low energy cost. 

Characteristics of eel swimming style: small frictional drag, low aerobic demand, active buoyant force, good 
gliding, undulatory propulsion, high frequencies and low swim velocity. 

Undulation on surface reduce to half body friction creating active figure buoyancy. 

Friction is the main property of this style, additional forces applied on friction are undulation and glide. 
Surface motion will try to assimilate underwater style of eel (Figure L). Start position of swimmer is 
backward, hands to body and legs close floating. Swimmer then starts to undulate 

first with hand and shoulders then trespassing undulation on legs. The propulsion force is mainly generated 
by hands, which stay all the time close to body. Swimmer tries to relay 



on gliding flow of water moving easily and swiftly. Legs do not perform flutter stroke as it will create force 
opposite to undulatory. Efficiency is achieved by undulating along the whole body, intermittently and at 
intervals. Once the body is introduced in undulation, it will soon achieved optimal velocity. The purpose 
of transfer from preparation to propulsion phase is to generate gliding flow, which swimmer will use as 
additional lift in moving forward and up. 

Swimmers in nature use body undulations to generate these propulsive and maneuvering forces. The 
anguilliform kinematics is driven by muscular actions all along the body.Proposed natural modes of 
swimming have floating as basic force in relation with neutral buoyancy of underwater swimmers. 

In backward technique floating is the constant force, to which additional dynamics are applied. 



Figure 1 . Coordinate systems for elongated body modeling 
of eel (Willy,_). 

Smaller amount of energy is required, the smaller static and dynamic momentum, which make technique 
energy efficient. Natural techniques are based on maximum propelling efficiency, use of buoyancy and 
different gliding postures. In fact by (Costello, 2008), in other conditions being equal those athletes that 
float more, have a lower surface friction to water. The aquatic environment imposes particular organic and 


functional adaptations, athlete works horizontally and carries out the propulsive action mainly (70%) to 
completely (endurance swimmers) by using arms. 

Viscosity is one more factor to count with. Undulation style uses biodynamics of water snake implying 
adhesive forces, surface pressure and water thrust. There is subsequently less wavy trail, making propulsive 
frothy water turbulence. 

Concerning human morphology oscillatory flatter kick is more suitable, hence all swimming techniques 
exert vertical oscillation with upward propelling. Therewithal, it would be interesting to introduce 
horizontal undulation to swimming technique. Flicker kick, as vibration of both, hands and legs, with slight 
deviation of arms within regular undulation will produce powerful horizontal dynamics. Swimmer by 
propelling is not just vibrating, this is proved to be insufficient, but rather producing undulating waves. 
Natural movements of swimmer follow the movement of eel. The difference is the swimmers orientation. 
It is more backward than forward. Swimmer front correspondent to eel’s front. 

The initial move is made by shoulders gliding backward and curve. Meandering is transmitted to the hips 
and legs. Undulation is most pronounced between the shoulders and thighs. At the end of swimming cycle, 
legs produce flicker kick as collateral to undulatory movement. 

Similarly, cholchis stroke is the style with along body movements, most closely resembling the biodynamics 
of this undulation style. However, differences can be seen in additional factors: floating, friction, fidgeting. 
Giving the small friction, eel style is very useful in moderate to fast underwater currents, 
and in combination with other backstroke techniques as well as with some floating styles. 


Swimming style - octopus 



Swimmer starts from floating posture backward spreading his arms and feet in the star position, arms 
raised further up to the maximum momentum, all the time keeping them parallel to the surface, then in the 
propulsive phase returning the same way, putting his hands to the body and legs merging.The hands and 
legs are all the time on to the surface and do not leave the horizontal plane but moving left and right. Legs 
opening to the 45 degree returning then returning and closing. Arms smoothly from 90, 120 degrees of leg 
axis, then cling to the legs. 

More economical means of motion involves alternative movements of leg and arms, first arms then 
legs (Dalton, 1918). Effective swimming, however, impliestheir parallel movement. Breathing in octopus 
backstroke is easier than in other strokes, as the mouth and nose are always over water. The least use of 
the energy of swimmer, relying fully on water thrust, then floating, gliding, and pause. 

Octopus is a swimming technique that involves minimal consumption of swimmer kinetic energy. Jellyfish 
use force of action and reaction, as a widespread form of movement. According to Bartol (2012) in 
contrast to fishes, squids and many jellyfishes do not rely on undulatory mechanisms over their entire range 
of life history stages. Jellyfish, such as Aurelia aurita (see Figure 2.), are capable of generating thrust by both 
paddle and jet mechanisms but rely primarily on jetting throughout ontogeny with only negligible thrust 
generation by paddling of the bell margin (McHenry, 2003), although some jellyfish lineages do rely heavily 
on rowing propulsion throughout development (see Costello et al., 1981). At juvenile and adult life stages, 
squid rely more heavily on undulatory/ oscillatory fin activity during low and intermediate speed propulsion 
to complement their pulsed jet (Anderson and DeMont, 2000; Bartol et al., 1999; Hoar et al., 1994; O'Dor, 
1974). 

For our study most useful will be observation of Ephyra hydrodynamics, paddle mechanism of juvenile 
hydromedusa with its implications on human velocity. Conclusion drawn out from are completely new 
swimming technique. 




Figure 2. Morphometries and hydrodynamic modeling (B,C) The two hydrodynamic models used in 
the present study are illustrated with the drag, D, and thmst, T, vectors predicted to be generated as 
the bell contracts and the bell margin adducts. (B) The jet model assumes thrust to be generated by a 
jet, T |Ct . (C) The paddle model assumes thrust is generated by paddling, T paddle . (34) 


Of all the components of the fluid forces acting on the swimmer's body, the buoyant force is probably the 
largest and most influential on the horizontal alignment of the swimmer. 

Floating styles involve buoyancy as one of the most important factors. (Rushall, 1930) has done important 
study on floatation in swimming, (Gagnon et al., 1981) on buoyancy, technologic to the measurement of 
the center of volume (Flay, 1993), (McLean and Flinrichs, 1975) factors affecting buoyancy and 
performance in swimming. 

Referring to conducted research woman swimmers should have more predispositions in floating 
techniques. This is influenced by factors of higher buoyancy center, specific body structure and V02max. 


Costello and associates (2008) concluded that due to lower friction to water, women are advantaged, 
having a body structure richer in fat which is distributed especially inlower limbs, and this favors 
movement in water. This advantage expresses itself in the lower energy cost of swimming in women than 







in men. Klentrou and colleagues (1992) compared the oxygen demand of back crawl in male and female 
competitive swimmers and to examine the effect of stroke mechanics on these costs and results indicate 
that submaximal V02 in back crawl swimming does not increase in proportion to body mass. 

Floating styles are the best solution for long distance swimming, in combination with crawl backstroke 
techniques (see Blache, 1918). This styles provide efficiency (commonly defined as the rate of useful energy 
expenditure divided by the total rate of energy consumption) that is a cmcial parameter for swimmers over 
long distances. 

Schleihauf (1979) investigated lift and drag forces on hand models in an open-water channel at certain 
steady-state flow conditions. His experiments showed a specific relationship between drag and lift 
coefficients and the attack angle. The Schleihauf experiments were replicated by (Berger, 1995) and she 
stated in her conclusions: a) It has been shown from a theoretical point of view that propulsive forces 
during human swimming can be more efficiently derived from lift forces then from drag forces. At high lift 
forces the loss of energy will be minimal. Consequently, a proper technique should generate as much lift as 
possible. 


Styles with great buoyancy can generate high-propulsive lifts. A swimmer who tends to sink in the static 
position by Wilson et al. (2008) receives an increased drag force when swimming and has to increase the 
kicking effort necessary to elevate the legs to maintain the whole body horizontal alignment. Consequently, 
a greater amount of energy is required to overcome the increased drag and to maintain strong kicks to keep 
the horizontal alignment of the body. 

Substantial energy savings are likely achieved in natural locomotion by allowing a mix of actively controlled 
and passively responsive deformation. 



Alves and colleagues (1998) were focusing on swimming velocity; Toussaint (48) says referring triatlets in 
his research that the results suggest that on average the better swimmer distinguish themself from by a 
greater distance per stroke rather then a higher stroke frequency. 


RESULTS 

Breder (1926) discerns subsequent swimming modes of fishes associated with BCF and BPF motion, 
undulatory to oscillatory, anguilliform, carangiform, thuniform, ostraciiform. Swimming hydrodynamics 
have significandy applied BCF to techniques. In addition research on undulatory motion, undulatory BCF 
anguilliform, and undulatroy MPF could give interesting conclusions. 


In biomechanical aspect anquilliform shows positive results: low Reynolds number, low viscous forces, 
stability, great laminar flow, linear momentum, efficient velocity. 


Eels style features long, anterior cylindrical, posterior compressed body motion typical to slender-body 
theory, shoulder twist, partial encounter to total underwater friction, flexibility, vorticity. 


For negatively buoyant swimmers, hydrodynamic lift must be generated to supplement buoyancy and 
balance the vertical forces, there is necessarily need to actively exert high vertical forces because the effect 
of buoyancy can counter the downward pull of gravity ensuring that swimmer do not sink in initial phase. 
Dv/ du would suggest that technique should have positive velocity rate at the very start, adding active force 
of swimming in continuation. Modern swimming theoretical research should encompass the complete scale 
of buoyant techniques. 



Just as shown: C*=dv/du, buoyant swimming velocity can be increased at low viscosity levels, likewise 
velocity is partial due to the floating. Not only in static floating posture, when velocity is very small and 
viscosity high, but in propel phase as well, increment hydrodynamics of gliding perform high csm numbers. 
Studies have been made on Lolliguncula brevis, Potamotrygon orbignyi, large-finned deep-sea squids, 
Sepia Officinalis Belonidae, providing respective hydrodynamic insight. Some works have been done on 
Anguillae and Molusca swimming technique. 

Interesting observation could be made on Hemiptera technique, as comparable to buoyant style. Highly 
flexible ribbon shaped bodies with wide span are found among many species: Chimaeri-dae, 
Notacanthiformes, Regalicidae, Cepolidae, Trichiruidae, Siluriformes, Trachypteridae. 

Hydrodinamically octopus style uses to great extend surface pressure, as discern in preparation phase, 
providing maximum body surface, with delayed stall and small frictional drag. 

DISCUSSION 

Octopus technique could be significantly modified to subsequent sepia bone style producing motion by 
more specific gliding. 

Swimmer is floating having his hands open and legs joint, straight and parallel to the surface. 

In this style, propulsion is generated by hands, while legs are in counterbalance. Hands are moving 
continuously in full radius from above the head to the thigh, exerting backward glide. 

In this system it is already possible to perform forward backstroke as innovative swim. Arms are not 
moving downward but upward in initial stroke, so that the swimmer is pushed forward, as in front crawl. 
Swimmer’s trunk imitates the form of sepia bone by gliding, moving forward or backward. 

The balance is very important as in Vecchione et al. (2008), neutral buoyancy of cepahalops in Wilbur et al. 
(1995), and the buoyancy of the Sepia Officinalis Denton and Gilpin-Brown (1961). Swimming technique 
postulates floating as an analogy to molescules neutral buoyancy. It is great element which offsets the force 



of gravity that would otherwise cause the object to sink. In fact most cephalopods are about 2-3% denser 
than seawater, and cephalopods float. 

In (Denton and Gillip-Brown, 1961) the excess weight in sea water of the living tissues of Sepia officinalis 
(L.) is approximately balanced by the cuttlebone, which accounts for about 9*3% of the animal's volume. 
The density of cuttlebone varies around 0*6. 

Further rajiform, on example of Taeniura lymma, could arise from stylization of jellyfish technique, the 
same paths, and the hands that produce movements similar to wingstroke. 

Study draws conclusion from hydrodynamic properties of caphalodops as implied to human kinetics, 
discerning significant patterns, as floating, puddle, undulation or swim efficiency. 

Sepia bone could be effective as drifting technique, in steering and floating in the fast flow, using only hand 
to navigate the stream, complementary as passive to more proactive swimming techniques. 

The most intriguing is forward backstroke which could be seen as improvement of sepia bone style. 
Cuttlefish style stroke active use of arm and legs, in full swing and in radius similar to “octopus”. Anew, 
triple pattern could be discern, with initially legs close, arms to the legs. Legs go 30 degree under water, 
with the swimmer, then up to the suface straightly, arm movements, bend at the elbows, with the dive. 
These natural modes are seen as alternative to BCF techniques introducing some missing elements as 
buoyancy, gliding and floating to complement the scale of man’s hydrodynamics. 

Natural modes and extravagant swimming is applicable to human motion not only the oscillatory 
paradigms. 



CONCLUSIONS 


Various swimming modes and styles could be recognized in underwater dynamics and in sustainable 
swimming. Primarily anguilliform, rajiform, molluscas and buoyant techniques, amphibious sustainable 
strokes. Very interesting is the technique of human klokan style. Undulatory motion give much to 
consideration on possibility of efficient human hydrodynamics. Buoyant styles provide such useful 
conclusions. Researcher would see in future necessity of taking into account all swimming variables and 
motions throughout out of a full scale of natural hydrodynamics. 
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